Abstract -The objective of this work was to evaluate the genetic diversity of Brahman cattle in Brazil with pedigree analysis. Genealogical records of a subpopulation were used considering all pedigree information (Pt) and the pedigree information divided into two periods (P1, from 1994 to 2004; and P2, from 2005 to 2012) or according to the raising system (Ppt, animals on pasture; or Pst, on stable). Estimates were obtained for average inbreeding coefficients, generation intervals (GI), number of equivalent known generation (CGE), number of founders (Nf), effective number of founders (fe), effective number of ancestors (fa), and founder genome equivalents (fg). The average inbreeding coefficients were 11.97, 7.79, 11.95, 11.74, and 11.31% for Pt, P1, P2, Ppt, and Pst, respectively. Average GI was 4.4 years, whereas CGE was 3.18. The fe values were similar to those of fa, which were greater than those of fg. The fe/fa and fg/fe ratios were close to 1, which indicates no genetic bottleneck and small losses by genetic drift. The genetic diversity in the Brazilian population of Brahman breed is not significantly reduced.
Introduction
Beef cattle breeding programs are important and have been used either to select straightbred animals or to produce cattle for crossbreeding. However, some technologies that contribute to increase selection intensity, such as artificial insemination, multiple ovulations, and embryo transfer, may decrease genetic gain when the same sires remain for a long time at the centers for semen collection, which results in a reduction in genetic diversity. This may also be related to the increased inbreeding coefficients in a given population (Weigel, 2001; Scraggs et al., 2014) .
One of the main goals during the management of a cattle population is keeping a high genetic diversity and a low inbreeding coefficient, in order to avoid inbreeding depression (Fernández et al., 2005) ; this strategy uses breed potential for beef cattle production and also maintains high genetic gains. The evaluation of a cattle population by pedigree analysis is used to monitor the genetic diversity and structure of a population across time (Falconer & Mackay, 1996) . Knowledge of the population parameters -taking into account the inbreeding levels in the population -aids in decision making related to mating.
The objective of this work was to evaluate the genetic diversity of Brahman cattle in Brazil with pedigree analysis.
Materials and Methods
The initial data set used was provided by Associação Brasileira de Criadores de Zebu and comprised 207,747 Brahman animals, born between 1994 and 2012 , from the states of Espírito Santo, Goiás, Mato Grosso, Mato Grosso do Sul, Minas Gerais, Rio de Janeiro, and São Paulo, and from Distrito Federal, Brazil.
For estimates of the population parameters related to genetic diversity, the following information for each animal was considered: sire, dam, birth year, and sex. Based on this data set, pedigree was analyzed according to the genealogical records of the reference population, including: all pedigree information (Pt) from cattle born between 1994 and 2012; pedigree data divided into two periods, i.e., containing information of cattle born between 1994 and 2004 (P1) and of cattle born between 2005 and 2012 (P2); and pedigree data divided according to raising system, either on pasture (Ppt) or stabled (Pst). Animals either without information on the raising system (Ppt or Pst) or raised in both systems were not included in the analysis. Only animals whose minimum number of complete generation equivalents (CGE) was two or higher were used (Gutiérrez et al., 2008) . Data related to each pedigree analysis are shown in Table 1 .
The pedigree data were divided into two periods because the level of inbreeding increased considerably from 2005 onwards (Figure 1 ), probably because P1 was when the Brahman breed was introduced in Brazil and P2, the period of expansion. In addition, the Pst system included cattle used in livestock shows, whereas the Ppt system included animals raised on pasture in commercial herds for beef production. Therefore, considering the two distinct beef cattle production systems in Brazil, it is possible to evaluate the genetic diversity of Brahman animals in both of them.
The pedigree package (Coster, 2013) of the R software (R Core Team, 2011) was used to check data consistency and split the pedigree data set into Pt, P1, P2, Ppt, and Pst. Estimates of inbreeding coefficients, generation intervals (GIs), CGE, and parameter results based on the probability of gene origin (number of founders, effective number of founders, effective number of ancestors, and founder genome equivalents) were calculated by the Pedig software (Boichard, 2002) .
The inbreeding coefficient represents the probability that two alleles on a locus are identical by descent (Wright, 1922; Falconer & Mackay, 1996) . The algorithm proposed by Meuwissen & Luo (1992) was used to calculate the inbreeding coefficients.
The GI was defined as the average age of the parents at the birth time of their progenies kept for reproduction (Falconer & Mackay, 1996) . It was computed by averaging the following four gametic pathways: sire to son (Lss), sire to daughter (Lsd), dam to son (Lds), and dam to daughter (Ldd). The average GI was computed as follows: GI = (Lss + Lsd + Lds + Ldd) / 4. Pedigree knowledge was assessed by the CGE, which summarizes the quantity of genealogical information known in a pedigree. For a given animal, it was calculated as the sum of proportions of known ancestors over all traced generations (Boichard et al., 1997) .
The parameters calculated based on the probability of gene origin, according to Boichard et al. (1997) , are detailed below. The number of founders (Nf) assumes that all founders are animals with unknown parents. In turn, the effective number of founders (fe) denotes the numbers of equally contributing founders that would result in the same level of genetic diversity in the current population, obtained according to Lacy (1989) :
where q k is the expected proportional genetic contribution of founder k, computed by the average relationship of the respective founder and each animal in the population. The effective number of ancestors (fa), which is the minimum number of ancestors, not necessarily founders, explaining the complete genetic diversity of the current population, was also obtained according to Lacy (1989) :
where q j is the marginal contribution of an ancestor and j is the genetic contribution made by an ancestor that is not explained by the other ancestors chosen before. The number of ancestors (fa) accounts for recent bottleneck and, therefore, partially explains the loss of allelic diversity in the descendant population (Boichard et al., 1997) . The founder genome equivalents (fg), considered the number of founders that would be expected to give the same level of genetic diversity in the population under study if the founders were equally represented and no loss of alleles occurred (Lacy, 1989) , was computed as:
where Nf is the number of founders, p j is the contribution of founder j, and r j is the retention of alleles. The fg account for unequal contributions of founders, bottleneck, and random loss of alleles due to genetic drift (Lacy, 1995) . The loss of genetic diversity due to unequal contributions of founders was estimated by 1 -GD*, where GD* = 1 -(1/2fe) (Caballero & Toro, 2000) . Moreover, the loss of genetic diversity due to the genetic drift that had accumulated since the founding of the population was obtained by GD* -GD, where GD = 1 -(1/2fg) (Lacy, 1989 (Lacy, , 1995 .
Results and Discussion
Initially, the data base contained 207,747 animals, the mean CGE known was 2.36, and the average number of known ancestors per animal was 11.8, which reveals some failures in the pedigree records. After the selection of animals whose CGE was two or higher, the database was reduced to 94,369 animals, the mean CGE was 3.18, and the average number of known ancestors per animal was 22.7.
The results obtained for the CGE were similar for all groups formed considering all pedigree information, except in P1, which had lower mean CGE and average number of known ancestors per animal: 2.65 and 13.4, respectively (Table 2 ). This shows an increase in pedigree knowledge over the years and in the Brahman population as well, which agrees with Piccoli et al. (2014) , who studied British breeds raised in Brazil. A small CGE was also reported by Faria et al. (2009) for Nellore, Gir and Guzera, which indicates that concern with genealogical records seems to be recent in Brazil. Gaps in pedigree data might decrease the precision of inbreeding coefficient estimates. Boichard et al. (1997) found that 10% of missing pedigree data are sufficient to underestimate the inbreeding coefficient; however, according to the same authors, the theory of the probability of gene origin to analyze genetic diversity is less sensitive to incomplete pedigree information.
The final genealogical record used in the present study contained information of 94,369 animals, and 86,801 (92%) presented some level of inbreeding, resulting in average coefficients of inbreeding for the whole population (inbred and noninbred animals) and for the inbred population of 11.97 and 13.02%, respectively. The maximum inbreeding coefficient observed for an animal was 40.62%. Inbreeding coefficients for the whole population (inbred and noninbred animals) were low for most of the inbred animals: 5 to 10% for n=51; 10 to 15% for n=81,253; 15 to 20% for n=3,646; 20 to 25% for n=1,566; 25 to 30% for n=54; 30 to 35% for n=227; 35 to 40% for n=3; and 40 to 45% for n=1. Faria et al. (2010) and Santana Jr. et al. (2016) observed lower inbreeding coefficients for a Brazilian population of Brahman cattle: 0.49 and 2.10% respectively. However, other studies also showed increased inbreeding coefficients through the years (Faria et al., 2002 (Faria et al., , 2009 Brito et al., 2013) .
The inbreeding coefficients considering the whole population, i.e., inbred and noninbred animals ( Table 2) were close for Pt, P2, Ppt, and Pst (about 11%). However, the inbreeding coefficient was lower (7.79%) for P1 due to a smaller proportion of inbred animals. P1 comprises the period of Brahman breed introduction in Brazil, which resulted in a smaller proportion of related animals, leading to a shorter mean GI (Table 3 ). The inbreed coefficient values considering only inbred animals were also similar, ranging from 12.75 to 13.02%. These results may cause important losses, because the animal's performance may be compromised by increasing inbreeding (Santana Jr. et al., 2010; Pereira et al., 2016) .
The GI is important because it measures how long the same sires or dams stay in a given population. The shorter the GI is, the greater the genetic gain becomes. In the present study, the average GI for Pt, P1, P2, Ppt, and Pst was 4.4, 3.3, 4.2, 4.3, and 4.4 years, respectively. In all analyzed situations, the GI increased through the years, which is an indication that older sires and dams stay in the herd for longer periods. The same was observed by Faria et al. (2010) and Santana Jr. et al. (2016) , although the average GI was longer: 5.5 and 6.95 years, respectively. In 2012, the mean GI was about 6 years, which was close to 7 years when only Pst was considered. The breeders' choice for older animals is based on the greater accuracy in estimating genetic values, which may partially explain the results obtained in the present study. A shorter average GI was observed in P1, probably due to the initial period of Brahman breed introduction in Brazil. Using the GI estimates for the four gametic pathways, however, no major GI variation was found between gametic pathways in Pt, P1, P2, Ppt, and Pst (Table 3) .
In all cases, the values for fe were similar to those of fa, which were greater than those of fg; furthermore, there was an increase in the values of the estimated parameters between the periods evaluated (1994 to 2004 and 2005 to 2012 ) and a decrease between Ppt and Pst, which is an indication of reduced genetic diversity in P1 and Pst.
The fe value was higher because it considers only the contribution of founders in the genetic diversity of the population. According to Boichard et al. (1997) , fe may be overestimated when pedigree information is missing. However, fa is not overestimated in the same magnitude as fe, because it considers the number of ancestors (founders or not) needed to explain the total genetic diversity of the population. In this study, the estimative of fe was similar to that of fa, probably due to the pedigree consistency obtained when subjects with CGE of 2 or greater were included. Moreover, one of the most accurate parameters to explain genetic diversity in a given population is fg, because it considers alleles that were maintained in the population and takes into account the loss of alleles by segregation. According to these definitions, despite the slight differences in fg observed in the different situations evaluated, the genetic diversity in P1 and Pst is explained by a smaller number of animals ( Table 4) . The larger the fe is, the greater the fe/fa ratio becomes; this means that, at some point, only few founders were chosen to be the parents of the next generation, which resulted in genetic bottleneck. However, according to the fe/fa ratios found in the present study, there was no genetic bottleneck, because values were equal to 1. The fg/fe ratio represents the magnitude of genetic drift, which means that the lower the fg/fe ratio is, the larger the genetic drift effect becomes. In this case, the fe is larger than fg, which shows that some sires in a given population are not used as often as others, and only those that have a larger number of progeny are capable of preserving their genome across generations. Therefore, the loss due to the unequal contribution of founders (1 -GD*), even if small, was greater than that of genetic diversity due to the genetic drift accumulated over nonfounder generations (GD* -GD) (Table 4) . This shows that, in the present study, the effect of genetic drift was greater in Pt and P2, but, in general, this effect had little impact on all populations formed from the pedigree data set. When Pst and Ppt were compared, a lower fg/fe ratio was observed for Ppt, with 25% allelic loss by genetic drift, which may be explained by the greater availability of sires genetically evaluated, resulting in the use of some sires more often than others in the same population; for Pst, the numbers of sires genetically evaluated was not large and, as a result, sires were used at similar frequencies.
In studies conducted in Brazil, a reduction in genetic diversity over the years has been detected in several breeds, such as Polled Nellore, Indubrasil, Gir, and Guzera, by pedigree analysis using estimates based on the theory of the probability of gene origin (Faria et al., 2002 (Faria et al., , 2009 Vozzi et al., 2006; Brito et al., 2013) . A similar response -i.e., genetic bottleneck -regarding genetic drift, but at a lower intensity, was also observed by Faria et al. (2010) and Santana Jr. et al. (2016) for a Brahman population in Brazil. In addition, previous studies reported the use of some sires more often than others, including Brahman cattle; however, for the reference populations used in the present study, there was no evidence of genetic bottleneck. This divergence of results may be explained by the differences in the size and structure of the reference populations used.
Conclusions
1. The genetic diversity in the evaluated Brazilian population of Brahman breed is not significantly reduced.
2. Losses by genetic drift in the studied Brazilian population of Brahman breed are small. (1) RP, size of the reference population (known parents); fe, effective number of founders; fa, effective number of ancestors, fg, founder genome equivalents; Na 50%, number of ancestors that explain 50% of genetic diversity; 1-GD*, loss of genetic diversity due to the unequal contributions of founders; and GD*-GD, loss of diversity by genetic drift accumulated over nonfounder generations.
